high-throughput platforms have been developed that are capable of performing global measurements of cell transcriptomes and proteomes [1, 2, 7, 10, 11, 13, 26, 28, 29, 37, 38] . These methods have the potential to identify individual genes and pathways that are important in both normal cellular physiology and pathology, as well as to determine the patterns of expression that mediate cellular behavior. For studies of tissue samples it is often desirable to selectively procure specific normal or diseased cells from a complex tissue milieu. Studies of this type are being advanced by several new tissue microdissection methods. Taken together, these technical advances have the potential to greatly improve our understanding of the molecular profiles that underlie normal cellular physiology and disease processes in a variety of biological systems.
Our laboratory utilizes a tissue microdissectionbased approach to perform molecular profiling studies of human cancer. The importance of tissue microdissection to molecular pathology research is evident by the fact that therapies targeted to specific cellular abnormalities can be developed only when the responsible molecular alterations are precisely identified and understood. To obtain a clear representation of normal physiology and disease, one must be able to specifically isolate and examine aberrant cells. Tissue microdissection provides for the procurement of specific cell types from a specimen. For example, a pure population of tumor cells can be analyzed without any interference from neighboring non-tumor cells. Additionally, investigators can recover select sub-populations of cells such as those of pre-malignant lesions that cannot be studied in bulk tissue specimens. Several methods of tissue microdissection have been described in the literature [4, 5, 15, 25, 30] . The most important parameters are speed, precision, and avoidance of contamination, and any method that achieves these to the satisfaction of the dissector is adequate. Our group developed a laser capture microdissection (LCM) system at the National Cancer Institute, which greatly increases the speed and efficiency of tissue microdissection [6, 12] . The system works by placing an ultrathin, transparent, thermoplastic film on top of a routinely prepared tissue section and activating the film with a pulse from a focused laser beam. The laser pulse is very brief (approximately 5 ms) and the membrane is activated at 90
• C, resulting in only a brief thermal transient in the tissue. Once the laser has been fired, which can be done at various laser diameters, the activated film adheres tightly to the underlying cell or cells, which are then selectively procured from the tissue section when the film is removed. The laser capture is performed while the investigator observes the tissue through the microscope, thus precise and selective transfer is ensured. In addition, images of tissue and cells can be captured before, during, and after microdissection, which is critical in maintaining an accurate record of each dissection and correlating histopathology with subsequent molecular results. After microdissection is complete, the cells are extracted from the film using an appropriate buffer and the biomolecules recovered for analysis.
Laser capture microdissection is applicable to many types of molecular pathology research, and its development is now providing access to populations of cells that were previously difficult to study. For example, LCM has recently been used to differentiate the genetic profiles of small (less than or equal to 6 mm) and large (7-30 mm) foci of hepatocellular carcinoma, enabling the investigators to show that tumor progression correlates with tumor expansion in this tissue [32] . LCM has also been used to differentiate the morphologically distinct but interwoven compartments of B-cell lymphomas. Whereas DNA from whole tissue failed to reveal evidence for biclonality, an LCM-based study revealed multiple independent clonal rearrangements in tumors, suggesting distinct clonal origins [20] . In addition, the power of LCM is well suited for use in conjunction with immunostaining [19] . In identifying p53 point mutations, Tam and colleagues recently demonstrated that there is only a weak concordance between immunostaining and molecular analysis of whole tumors, presumably due to the fact that tumor staining is highly heterogeneous. When LCM was employed to isolate specific p53-stained tumor cells, the concordance of p53 mutation detection between immunostaining and molecular analysis improved fourfold [36] . Importantly, LCM has proven useful in concert with high-throughput molecular analyses, as Erlander and colleagues used LCM to procure individual neuronal subtypes from rodent brains and study gene expression patterns by cDNA microarrays [24] .
In our laboratory, tissue microdissection was utilized to assist in the identification and cloning of the gene for multiple endocrine neoplasia type 1 by allowing procurement and allelic deletion analysis of multiple small neuroendocrine tumors from patients in affected kindreds [8, 14] . Currently, we are using a tissue microdissection-based approach in an effort to begin elucidating the molecular events that underlie prostate cancer as a part of the Cancer Genome Anatomy Project (CGAP) of the National Cancer Institute [33, 34] . All of the data associated with CGAP are made immediately available to the research community via the Internet (http://www.ncbi.nlm.nih.gov//ncicgap/). Through molecular profiling of microdissected normal prostate tissue, prostatic intraepithelial neoplasia (PIN), and invasive carcinoma of the prostate (see Fig. 1 ), there exists a unique opportunity to examine the nature and sequence of genetic alterations that occur during tumor progression. Therefore, we constructed representative cDNA libraries from 12 microdissected prostate samples that included a spectrum of normal and neoplastic phenotypes [21] . The libraries were subjected to EST sequencing and the data analyzed by a variety of statistical tests. These data have been used for a number of studies including construction of a prostate epithelial unigene set, identification of prostate-unique genes, and comparison of gene expression profiles that occur during tumor progression [16] .
Tissue microdissection also expands the opportunity for disease gene hunting. For example, prostate cancer shows a high rate of allelic loss on chromosome band 8p21. Thus, this region of the genome may contain a tumor suppressor gene (TSG) that is important in the development of prostate neoplasia. Since the use of tissue microdissection and PCR analysis of loss of heterozygosity allows for definitive scoring of allelic loss, we have been able to determine a minimal gene interval on chromosome band 8p21 that is likely to harbor the responsible TSG [35] . Microdissection has also been critical in allowing us to examine allelic loss patterns in PIN, the putative precursor lesion of prostate cancer. PIN exists in the prostate as discrete microscopic foci generally found in association with tumor. Previous studies in our group showed that PIN exhibits a high level of allelic loss on chromosome band 8p21, and, in fact, the minimal gene interval in our recent study was defined by a case of PIN [17, 35] .
Although the power of tissue microdissection has become quite clear in research involving the molecular analysis of nucleic acids, there is currently less data , and invasive carcinoma of the prostate, RNA was isolated and subjected to RT-PCR. Linkers were attached to the double-stranded cDNA, which was then amplified by PCR to generate cDNA libraries. Libraries were cloned via UDG vectors and the clones subjected to sequencing. The sequence data was filtered and subsequently entered into dbEST. The flow of reagents and information essentially followed that initially designed by the I.M.A.G.E. consortium [23] . This approach allows for identification of transcripts specifically expressed in cells of a distinct origin and tumorigenic stage.
available regarding its efficacy in proteomics and the determination of protein profiles from microdissected samples. In one study, Banks and colleagues recently demonstrated that LCM-based analysis was useful in the study of protein patterns in the normal cervix [3] . In addition, our laboratory has been assessing the utility of LCM for studying protein profiles using three analysis methods: two-dimensional gel electrophoresis (2D-PAGE), surface enhanced laser desorption ionization (SELDI) and quantitative LCM [13, 27, 31] . Results to date indicate that proteomic studies of microdissected cell samples are a powerful method to examine protein alterations that occur during the evolution of a disease [13, 15, 31] . For example, initial 2D-PAGE-based experiments comparing dissected normal prostate epithelium and patient-matched tumors of three cases demonstrated that 98% of the observed proteins were identical between the cell types. However, eight proteins were discovered that showed an identical change (up-or down-regulation) in each tumor. Determination of the identity of these proteins is underway. Surface Enhanced Laser Desorption Ionization (SELDI) is a new technology that utilizes matrixassisted laser desorption and time-of-flight analysis to study proteins [22] . Protein profiles can be generated from lysates of 1500 LCM-procured epithelial cells and proteins as small as 2,000 kD can be reliably detected. Applied to prostate cancer progression, we have found that SELDI protein profiles differ reproducibly among benign and malignant prostate epithelial cells [27] . Quantitative LCM is a newly developed method that permits determination of protein levels from microdissected cell samples using an automated sandwich chemiluminescent immunoassay. Initial studies have demonstrated the utility of this approach by precisely measuring prostate specific antigen (PSA) from microdissected prostate cells [31] .
Lastly, our laboratory is currently developing two new strategies for molecular profiling of human tumorigenesis. The first is a novel analytical method that utilizes a layered array of capture membranes to perform high-throughput DNA, mRNA, or protein measurements from biological samples [18] . The method works by transferring cell or tissue samples through a series of individual capture layers, each linked to a separate antibody or DNA sequence. As the samples traverse the membrane set, each targeted protein or mRNA is specifically captured by the layer containing its antibody or complementary DNA sequence. The two-dimensional relationship of the cell populations is maintained during the transfer process, thereby producing a molecular profile of each cell type present. The second new strategy is a three-dimensional approach to the study of prostate cancer [9] . As shown in Fig. 2 , this approach allows investigators to query gene expression and proteomic data and view these data in Fig. 2 . Three-dimensional molecular analysis approach to the study of prostate cancer. Panel A shows an overview of a whole prostate showing the number, extent and anatomic locations of tumors at various levels of the gland. In this patient, the prostate has two tumors present, T1 and T2. The transverse view of block E (panel B) demonstrates there are two areas of high-grade cancer, T1A and T1B. In addition, there are three areas of prostatic intraepithelial neoplasia (PIN), one near the tumor (P1) and two distant (P2 and P3). There is also an area of low-grade cancer with nearby lymphocytes (L1) and abundant histologically normal epithelium (N1-4). The hyperlinked box (P2) links to a representative hematoxylin and eosin stained, high-resolution image of the region of study (panel C). The hyperlinked cube links to a serial sectioning study that has been performed on this microstructure (panel D). Panel E shows an example of a global gene expression study that compared PIN and prostate cancer using sequence analysis of cDNA libraries. Several ribosomal protein genes were expressed at significantly higher levels in cancer than PIN, including RPL11 and RPL39. concert with the relevant histopathology. A 3D reconstruction approach allows both the physical and molecular relationship of all entities to be determined, e.g., which dysplastic lesions are developing into tumor and how the gene expression profiles change as this process unfolds. A second advantage of the 3D analytical approach is the opportunity to study the complete spectrum of tumor progression in proper context. Ultimately, the goal of this approach is a better understanding of prostate tumorigenesis at a molecular level that leads to improved diagnosis and treatment for patients, and the ability to generate data from microdissected cell samples is an integral and invaluable part of this endeavor.
